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Experimental section

Anhydrous ethanol (≥99.7 wt.%) was purchased from Shanghai Titan Scientific Co. Ltd., 

China. Nickel foam(thickness:1.5 mm) and iron foam (thickness: 1.5 mm) were bought from 

Kunshan Lvchuang Electronic Technology Co. Ltd., China. Sodium sulfate decahydrate 

Na2S‧9H2O (≥99.0 wt.%), nickel nitrate hexahydrate Ni(NO3)2‧6H2O (≥98.5 wt.%), potassium 

hydroxide KOH (≥85.0 wt.%), potassium hydroxide KOH (≥85.0wt.%) and N,N'-

Dimethylformamide (DMF) (≥99.5.0 wt.%) were purchased from Sinopharm Chemical 

Reagent Co. Ltd., China. Terephthalic acid (≥99.0 wt.%) was bought from Shanghai Macklin 

Biochemical Co. Ltd., China. All the experimental chemicals and materials used were of 

analytical purity and no further post-treatment was required before use.

Materials characterization

The structure and compositions of the samples were examined by SEM (Quanta FEG 450, 

20.0 kV and TEM (TALOS F200X). High-resolution transmission electron microscopic 

(HRTEM) images were taken on FEI Tecnai G20. The X-ray diffraction (XRD, Bruker D8) 

data were recorded by means of Cu Kα with 2θ range from 20° to 85°. Energy dispersive X-ray 

spectroscopy (EDX) is characterized on the Hitachi S-4800 to obtain the element composition 

and distribution of the resulting sample. XPS analysis was were recorded by Thermo Fisher 

Scientific. The Fourier transform infrared (FT-IR) spectra were performed with IR Tracer-100. 

Electrochemical measurements

The electrochemical measurements were carried out in a variety of electrolytes, including 

alkaline seawater (1 M KOH saltwater), using a typical three-electrode cell setup at ambient 
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temperature. During all tests, the saturated calomel electrode (SCE) and Pt wire served as the 

reference electrode and counter electrode, respectively. Linear sweep voltammograms (LSVs) 

measurements were conducted under a scanning rate of 5 mV s-1 with iR-compensation. The 

end overpotentials were obtained through E(RHE)= E (SCE) +0.243 V + 0.059 pH. Using a 

frequency range of 100 kHz to 0.1 Hz, EIS Nyquist plots of the as-synthesized samples were 

measured. In an equivalent electrical circuit, Rs (R1) stands for solution resistance, CPE for 

constant phase element and Rct (R2) for charge transfer resistance. Stability tests of 

chronopotentiometry measurements were carried out to evaluate the durability of prepared 

catalysts in electrolytes including 1M KOH and alkaline seawater (1M KOH seawater). To 

maintain objectivity, all measurements on reference samples were performed under identical 

conditions and according to the same measurement procedures, at room temperature.



4

Fig. S1 SEM image of IF.
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Fig. S2 Morphological characterization of (a-b) FeS/IF.
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Fig. S3 The crystalline structure of mackinawite FeS.
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Fig. S4 XRD patterns of Fe, S-Ni MOFs/NF.
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 Fig. S5 XRD patterns of Ni MOFs/NF.
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Fig. S6 SEM images of (a-b) Ni MOFs/NF sample. 
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Fig. S7 SEM images of (a-b) Fe, S-Ni MOFs/NF sample.  
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Fig. S8 SEM image and the corresponding elemental mappings of the Ni MOFs/FeS/IF.
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Fig. S9 EDS results of Ni MOFs/FeS/IF and corresponding element contents.
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Fig. S10 Schematic representations of the electronic coupling of Ni-O-Fe [1].
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Fig. S11 (a) The polarization curves recorded on Ni MOFs/FeS/IF under alkaline media with 

different temperature. (b) The corresponding Tafel plots. 
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Fig. S12 SEM images of Ni MOFs/FeS/IF samples after long-term stability measurements in 

1 M KOH.
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Fig. S13 XRD patterns of Ni MOFs/FeS/IF after long-term stability measurements in 1 M 

KOH.
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Fig. S14 SEM images of Ni MOFs/FeS/IF samples after OER measurements in 1 M KOH

seawater.
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Fig. S15 (a) Survey XPS spectrum and high-resolution XPS spectra of Ni MOFs/FeS/IF 

electrode after OER in 1 M KOH seawater.
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Fig. S16 High-resolution XPS spectra at (a) Ni 2p and (b) Fe 2p and regions of Ni MOFs/FeS/IF 

electrode before and after OER in 1 M KOH seawater.
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Fig. S17 High-resolution XPS spectra at (a) O 1s and (b) C 1s of Ni MOFs/FeS/IF electrode 

before and after OER in 1 M KOH seawater.
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Fig. S18 high-resolution XPS spectra at S 2p regions of Ni MOFs/FeS/IF electrode after OER 

in 1 M KOH seawater.
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Fig. S19 EDS results of Ni MOFs/FeS/IF and corresponding element contents after OER test 

in 1M KOH seawater.
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Fig. S20 SEM images of Ni MOFs/FeS/IF samples after long-term stability measurements in 

1 M KOH seawater.
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 Fig. S21 XRD patterns of Ni MOFs/FeS/IF after OER measurements in 1 M KOH seawater.
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 Table S1 Comparison of OER performance of Ni MOFs/FeS/IF with other reported catalysts 

in 1M KOH. 

Catalysts j

(mA cm-2) 

η

(mV) 

iR-

correction

Refer.

Ni MOFs/FeS/IF 100 254 √ This work

NiFe-MOF/NF 100 300 × [2]

NiFe LDH@NiCoP 100 350 × [3]

NiCo-BDC 100 292 √ [4]

Ni3S2@NGCLs 100 370 √ [5]

MIL-53(Co-Ni) 100 262 √ [6]

NiV-MOF 100 290 √ [7]

Ni-MOF 100 310 √ [8]

(Ni2Co1)0.925Fe0.075-MOF 100 300 √ [9]

Most of the reports adopted the iR-corrected data for estimating the overpotential under 

different current densities. Compared with the polarization curves without iR-correction, the 

deviation of the curves with iR-correction increases exponentially as the current density rises. 

In other words, the overpotential under high current densities obtained from iR-correction is 

meaningless.
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Table S2 Comparison of OER performance of Ni MOFs/FeS/IF with other electrocatalysts in 

alkaline seawater (1 M KOH seawater). 

Catalysts j

(mA cm-2) 

η

(mV) 

b

(mV dec-1) 

Refer.

Ni MOFs/FeS/IF 100 280 54.96 This work

Cr-CoxP 100 334 79.2 [10]

NiCoS 100 360 42 [11]

1D-Cu@Co-CoO/Rh 100 400 52.4 [12]

Gd-CoB/Au 100 ~315 42 [13]

FeP2/NF 100 ~315 56 [14]

Cu@CoFe LDH 100 300 44.4 [15]

Co-NC/CF 100 320 72 [16]

Ni5Co3Mo-H/NF 100 304 80 [17]
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